INTRODUCTION
============

Periodontal status affects the overall health status of individuals, especially because of the migration of oral microorganisms to extraoral infection foci, establishment of a chronic systemic inflammatory condition, and continuous release of chemical mediators and by-products of inflammation, which may affect the onset and progression of systemic diseases when at high concentrations in the blood.^([@r01])^

Each cubic millimeter of biofilm contains approximately 100 million microorganisms (bacteria, fungi and viruses) that may serve as a reservoir of potential pathogens. Such microorganisms can reach the bloodstream and/or be directed to the saliva and inhaled, causing infections at a distance. It must also be noted that low salivary flow, decreased cough reflex, limited ability to perform dental hygiene, and physical impairment are common in critically ill patients. Furthermore, factors that alter the body microbiota and weaken the immune response are also present in such patients, making them potential victims of respiratory infections. Nosocomial pneumonia (NP) is a common cause of morbidity and mortality in critically ill patients, corresponding to 10% of infections in intensive care units (ICU) - the most common in that setting.^([@r02])^

NP or hospital pneumonia is an infection of the lower respiratory tract, diagnosed 48 hours after admission of the patient and neither present nor incubated when the patient was admitted to the hospital.^([@r03],[@r04])^ Among patients affected by that type of pneumonia, 20 to 50% eventually die.^([@r05])^

This study aimed to clinically analyze the oral health status of patients hospitalized in an ICU, initially within 48 hours of admission, followed by a second assessment 72 hours after the first assessment.

METHODS
=======

This was an observational study with data collected at the ICU of *Santa Casa de Misericordia de Barretos* (SCMB), which has ten beds. The study was approved by the Research Ethics Committee of the University Center of the *Fundação Educacional de Barretos* (UNIFEB), in the city of Barretos (SP) under approval number CAAE - 0007.0.156.000-11. All participants or their legal guardians freely signed the Informed Consent Form. The study was conducted during the period from March to April 2012. The SCMB provides care in all medical specialties except oncology for a population encompassing the 19 municipalities of the 5^th^ Regional Health Department of São Paulo State (DRS-5), headquartered in the city of Barretos. All patients selected for the study were assessed by a dentist regarding the inclusion and exclusion criteria.

The study participants were patients admitted to the SCMB ICU, older than 18 years of age and with a compromised level of consciousness, incapable of self-care and without impaired mouth opening. Patients transferred from other clinics or hospitals and patients with tracheostomy were excluded.

The patients selected for the study were clinically assessed by a dental surgeon, and the corresponding demographic data were collected from their medical records. Clinical assessment of the oral cavity was performed at two different time points: initially, within 48 hours of admission, followed by a second assessment 72 hours after the first assessment. Data were recorded on data collection forms. The assessments were performed in critically ill patients and considered the plaque index (PI), condition of the mucosa, presence or absence of dental prosthesis, number of teeth present, and tongue coating index. The extraoral examination was based on the diagnostic criteria and the World Health Organization codes, observing the lip edges and labial commissures.^([@r06])^

The assessment of the oral mucosa and soft tissues inside of the mouth observed the following order: labial mucosa and upper and lower labial sulci; labial area of the commissures and buccal mucosa in the right and left sides; alveolar margins; upper and lower gums; palate; tongue; and mouth floor.

The examination was performed systematically, starting from the upper right side, proceeding to the anterior upper side, posterior upper left side, posterior lower left side, and anterior lower side and ending at the posterior lower right side. The PI was assessed according to Silness & Löe, based on the amount of plaque found: no plaque identified upon naked-eye inspection, only detected when using the periodontal probe in the dentogingival area; plaque identified upon naked-eye inspection; and detection of bacterial plaque visible to the naked eye surrounding the tooth, including in the interdental spaces, possibly with tartar. The classification of patients regarding the tongue coating index, according to area, was as follows: without tongue coating, subclinical tongue coating, tongue coating on up to one third of the tongue, on up to two thirds of the tongue, and on more than two-thirds of the tongue. Tongue coating was classified according to thickness as follows: thin tongue coating with visible lingual papillae and thick tongue coating with no detectable lingual papillae. The patients were classified regarding dentition as follows: toothed, with 14 or more teeth present; partly edentulous, with up to 13 teeth present; or edentulous. The patients were classified regarding the presence of prostheses as follows: presence of complete dentures, presence of removable partial denture, presence of fixed partial denture, presence of orthodontic braces, absence of prosthesis or any dental device.

The results were expressed descriptively as number and percentage. The results from the initial clinical assessment of the oral cavity (within 48 hours of admission) and after 72 hours were compared using the McNemar test.

RESULTS
=======

This study included 35 patients admitted to the SCMB ICU who met the inclusion but not the exclusion criteria of the research study. The general data on the patients are outlined in [table 1](#t01){ref-type="table"}.

###### 

General sample data

  **General data**                 **N (%)**
  -------------------------------- -----------
  Gender                            
      Male                         15 (43)
      Female                       20 (57)
  Ages (years)                     49±12.5
  Reason for hospitalization        
      Circulatory diseases         16 (45)
      Respiratory tract diseases   9 (25)
      Accidents                    5 (17)
      Digestive tract diseases     3 (11)
      Liver diseases               1 (3)
      Endocrine disorders          1 (3)

Eleven patients (33%) were intubated, and the prevalence of hospital infection was 22% (8 patients), with 50% respiratory system infections and 50% bloodstream infections. Ulcers were observed in six patients (17%), candidiasis was observed in two (5%), and four patients (11%) showed some type of abnormality, while no abnormal condition was observed in 23 patients (66%).

Regarding the PI, all patients exhibited oral biofilm in the first assessment, with 20 patients (57%) showing biofilm upon naked-eye inspection and 13 patients (37%) showing significant plaque, inclusively in the interdental spaces, possibly with tartar; biofilm was detected when using the periodontal probe in 2 patients. An increase was observed 72 hours after the first assessment. All patients exhibited oral biofilm, with 12 patients (34%) showing biofilm upon naked-eye inspection and 23 patients (65%) showing significant plaque, inclusively in the interdental spaces, possibly with tartar, as outlined in [table 2](#t02){ref-type="table"}. That variation was statistically significant, with a p-value of 0.007.

###### 

Plaque index assessment 72 hours after the first assessment

  **First assessment**   **Assessment after 72 hours**               
  ---------------------- ------------------------------- ----------- -----------
  Intensity 1            2 (5.7)                         0 (0)       2 (5.7)
  Intensity 2            10 (28.6)                       10 (28.6)   20 (57.1)
  Intensity 3            0 (0)                           13 (37.1)   13 (37.1)
  Total                  12(34.3)                        23 (65.7)   35 (100)

Intensity 1 - no plaque identified upon naked-eye inspection. Plaque is detected when using the periodontal probe in the dentogingival area; intensity 2 - plaque identified upon naked-eye inspection; intensity 3 - bacterial plaque detected surrounding the tooth, including in the interdental spaces, possibly with tartar. McNemar test p=0.007.

Tongue coating was present on more than two thirds of the tongue in 24 patients (69%), up to 2/3 in 4 patients (11%), up to 1/3 in 1 patient (3%) and was subclinical in 6 patients (17%). We also observed an increase in this parameter 72 hours after the first assessment because tongue coating was already present on more than 2/3 of the tongue in 29 patients (82%), with p\<0.001 ([Table 3](#t03){ref-type="table"}). The tongue coating was thick in 54% of the cases, with no detectable lingual papillae. A total of 58% of the patients showed thick tongue coating 72 hours after the first assessment, although the variation was non-significant (p=0.5), as shown in [table 4](#t04){ref-type="table"}.

###### 

Tongue coating area 72 hours after the first assessment

  **First assessment**         **Assessment after 72 hours**               
  ---------------------------- ------------------------------- ----------- -----------
  Subclinical tongue coating   6 (17.1)                        0           6 (17.1)
  Tongue coating ≤1/3          0 (0)                           1 (2.9)     1 (2.9)
  Tongue coating ≤2/3          0 (0)                           4 (11.4)    4 (11.4)
  Tongue coating \>2/3         0 (0)                           24 (68.6)   24 (68.6)
  Total                        6 (17.1)                        29 (82.9)   35 (100)

Result: McNemar test; Chi squared=2.545; Ds=6; p\<0.001.

###### 

Tongue coating thickness 72 hours after the first assessment

  **First assessment**                                   **Assessment after 72 hours**               
  ------------------------------------------------------ ------------------------------- ----------- -----------
  Thin tongue coating, visible lingual papillae          15 (42.9)                       2 (5.7)     17 (48.6)
  Thick tongue coating, no detectable lingual papillae   0                               18 (51.4)   18 (51.4)
  Total                                                  15 (42.9)                       20 (57)     35 (100)

Result: McNemar test; p value=0.5.

Twenty-one patients (61%) used no prosthesis or any dental device, 10 (31%) used complete dentures, 1 (3%) used removable partial dentures, 1 (3%) used fixed partial dentures, and no patient used orthodontic braces. Regarding the number of teeth present in the oral cavity, 14 patients (40%) were edentulous.

DISCUSSION
==========

This study showed that patients had a significant accumulation of bacterial plaque and tongue coating, with an increase 72 hours after the first assessment, suggesting that the length of hospital stay is a key factor in the occurrence of that alteration.

The mouth serves as a potential reservoir of microorganisms,^([@r04],[@r05],[@r07]-[@r09])^ and aspiration of mouth contents is a factor promoting the occurrence of pulmonary infections, whose highest frequency occurs at the ICU, given the altered level of consciousness of patients, which makes them more susceptible to aspiration of respiratory pathogens.^([@r05])^ That factor, associated with low salivary flow, decreased cough reflex, limited ability to perform dental hygiene, and physical impairment, renders critically ill patients potential victims of respiratory infections.^([@r07])^ Furthermore, they are also immuno-compromised because of disease or medication and thus vulnerable to colonization by multidrug-resistant microorganisms.^([@r10])^

A study analyzing samples of tracheal aspirate and microbiological dental biofilm from 30 patients diagnosed with NP showed that 70% of those microorganisms present in the tracheal aspirate were found in the oral biofilm, 63% in tongue samples, 73% in the ventilator tube, and 43% in all areas simultaneously.^([@r11])^ This result highlights the importance of oral hygiene of patients hospitalized in the ICU because the accumulation of biofilm increases with the length of hospital stay, as shown in this study.

Nosocomial infections increase the length of hospital stay, morbidity and mortality rates, and hospital costs.^([@r12])^ NP occurs in five to ten cases per thousand hospitalizations, and the percentage of deaths, which would not have occurred in the absence of infection, ranges from 33 to 50%; NP also increases the length of hospital stay from 7 to 9 days as well as the treatment costs.^([@r04])^

The best way to promote oral health is to control biofilm and tongue coating using mechanical and chemical methods. Mechanical methods consist of brushing and using dental floss, interdental brushes, and tongue scrapers. Chemical methods of control are indicated for patients unable to perform the mechanical control of biofilm.^([@r13])^

Cytokines produced by the periodontal tissue in response to bacterial invasion seem to alter the respiratory epithelium, rendering it more susceptible to pathogen colonization and to the action of enzymes produced by periodontal disease. Such enzymes enable bacterial adhesion to and colonization of the respiratory epithelium and promote the destruction of acquired pellicle-forming salivary molecules that act in the elimination of bacteria.^([@r14])^

Oral microorganisms found in bronchoalveolar lavage, in blood culture, and in the tracheal secretions of patients diagnosed with NP, including *Staphylococcus aureus*, *Pseudomonas aeruginosa*, and Gram-negative bacilli, are also present in the oral cavity of apparently healthy patients and are involved in the onset of NP.^([@r03])^

In this study, 14 patients (40%) were edentulous, 11 (31%) had more than 14 teeth, and 10 patients (29%) were partly edentulous. Patients with natural teeth are more prone to accumulate biofilm, favoring the development of pneumonia more frequently than edentulous patients. Moreover, dental prostheses act as a potential reservoir of microorganisms if not cleaned properly.^([@r07])^

CONCLUSION
==========

The results from this study suggest that the tongue plaque index and tongue coating increase with the length of hospital stay in the intensive care unit.
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